Technological change is a constant in today's workplace, especially the modern health care workplace. The introduction of electronic health records changes workloads, job demands, interactions with other health care professionals, and work roles-all elements that have previously been noted to increase work stress and impact health. Despite the significant changes that accompany computerization, it is seldom studied as a source of stress. Also, the health effects of computerization within health care have not been extensively studied. This article summarizes the potential environmental impact of computerization on workers, with special reference to health care workers, and suggests ways occupational health nurses can monitor the health consequences of new technology and intervene in case of adverse health impact. In many health care organizations, high work pressure and staff shortages make it impractical, and perhaps impossible, to use standard in-depth research methods to investigate this issue. Therefore, several less obtrusive methods that can be triangulated are suggested as an alternative.
workplace. This is especially true of the modem health care workplace, where technological efforts to achieve improvements in the delivery of patient care, data demands associated with evidence-based health care, and economic pressures place a burden on health care staff and organizations. Work overload and job pressure in many health care organizations make it impractical, and perhaps impossible, to use common research methods to investigate the impact of computerization. This study examined possible effects of the computerization of health care work and proposed some less obtrusive methods and approaches that can be used to measure or monitor occupational health issues associated with the introduction of electronic health records. only 17% of physicians reported using electronic health record systems (DesRoches et aI., 2008) . Similarly, in Canada, approximately 94% of physician visits involve paper-based records and most prescriptions are handwritten (Canada Health Infoway, 2006) . However, governments in both Canada and the United States have placed a high priority on the implementation of electronic health information initiatives (Canada Health Infoway, 2008; Smith, Gifford, & Kramer, 2008) . Thus, computerization will soon affect all North American frontline health care workers and will undoubtedly bring both intended and unintended changes to the nature of their work.
POTENTIAL IMPACT OF COMPUTERIZATION
The first studies of work environment implications of computer systems focused on ocular complaints, work postures, facial dermatitis, and reproductive hazards (Clever & Omenn, 1988; Lee, 1985; Lindbohm et aI., 1992) . More recent research has focused on the musculoskeletal, psychosocial, and organizational implications of computerization.
Musculoskeletal Disorders
Musculoskeletal disorders continue to be a major source of disability and lost work time. Understanding the causes of these disorders, and especially those that are work related, remains the key to primary prevention (Buckle, 2005) . Even if mechanical or physical factors are important primary contributors, psychological, psychosocial, and organizational factors can also independently provoke musculoskeletal disorders or amplify physical risk factors (Ariens, van Mechelen, Bongers, Boter, & van der Wal, 2001; Bernard, 1997; Bongers, Kremer, & ter Laak, 2002; Kourinka & Forcier, 1995; Linton, 200 I) .
Health care workers already face several risk factors for musculoskeletal disorders, particularly back and shoulder injuries. These disorders are associated with excessive back and shoulder loading due to manual patient handling, applying excessive forces when pushing and pulling objects, awkward postures during patient care, long work hours, and shift work (Waters, Collins, Gallinsky, & Caruso, 2006) . As health care work becomes more computerized, biomechanical demands may change in two directions: increased musculoskeletal stress or increased task diversity and biomechanical variation. To date, the risk factors for musculoskeletal symptoms as a result of work computerization have been identified as increased workload often with high mental demands; hectic work pace, resulting in heightened muscle tension and forces; and inadequate work breaks (Griffiths et aI., 2007) .
A general model of musculoskeletal disorders and computer work has been proposed by Wahlstrom (2005) . This model emphasizes the associations among work organization, psychosocial factors, and mental stress on the one hand and physical demands and physical load on the other, both of which influence perceived muscular tension. This context of combined exposures is commonplace for many workers in the health care industry.
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Stress
Health care workplaces have been described as highstress environments. Work overload and pressure, conflicting job demands, lack of control over work and decision making, limited social support, and unclear management and work roles have been reported to be contributors to health care worker stress (Sullivan, Kerr, & Ibrahim, 1999) . A relationship between high levels of work stress and the development of depression and anxiety symptoms has been suggested (Michie & Williams, 2003) . Ametz (1997) proposed links between the demands of computer use and several types of stress-related psychosomatic disorders, which he referred to as the effects of technostress. Brod (1984) was the first to coin the term technostress, which he defined as "a modem disease of adaptation caused by an inability to cope with the new computer technologies in a healthy manner" (p. 16). Technology is a stressor that impacts individuals who use technologytechnousers. Technostressors include all technological developments and innovations (i.e., computers) and the policies and procedures necessary to bring about their implementation and diffusion within an organization. Caro and Sethi (1985) insist that "technostress is a direct consequence of external stressors, including physical, psychosocial and organizational stressors, that interact with the technouser's individual characteristics and adaptive capabilities or coping mechanisms" (p. 292).
Organizational Implications Orlikowski (1993) pointed out that the computerization of work is actually an organizational change process. Therefore, it is imperative that attention be paid to the social context of systems, intentions and actions of key players, and the implementation process used by the organization. Work and work practices could be considered part of an ecological system: both evolve over time to accommodate the nature of the work and the environment in which it takes place. The computerization of work radically disrupts this ecology in a way that is stressful to workers because computerization causes changes in the rate, structure, and pace of work. It also disrupts the formal and informal social structures that support work functions (Stokols, Pelletier, & Fielding, 1996) . Further, Arnetz (1997) pointed out that professional work has specific work processes that may be adversely disrupted by computerization. On this topic, Berg (200 I) notes that ... the technology will affect the distribution and content of work tasks, change information flows, and affect the visibility of these work tasks and information flows. Because of this, it will also change relationships between (groups of) health care professionals and/or other staff. Electronic medical records, for example, inevitably change one's recording practices, and raise questions about who will get access to whose data, under which conditions. While this may seem selfevident and innocuous, such changes inevitably trigger subtle (and sometimes not so subtle) social and political processes about who gets to fill in what parts of the record, who 'owns' what information, and who gets to check on whose work. (p. 147) Lacking knowledge about the health effects of organizational change is significant. Sauter et al. (2002) insisted on the importance of monitoring the effects of change on workplace health and identified the need for the following research: "(1) improved surveillance mechanisms to better track how the organization of work is changing; (2) accelerated research on safety and health implications of the changing organization of work; (3) increased research focus on organizational interventions to protect safety and health; and (4) steps to formalize and nurture organization of work as a distinctive field in occupational safety and health" (p. v). North American organizations facing rapid computerization of health care work need monitoring by occupational health professionals for potential adverse effects and to facilitate interventions to treat the effects.
COMPUTERIZATION AND HEALTH CARE WORKERS
The introduction of electronic health records could potentially impact workloads, job demands, interactions with other health care workers, and work roles and processes-all elements that have previously been noted to increase worker stress and impact health. However, the impact of computerization on health care workers' health might differ from the impact on other office workers because of the more diversified work of health care providers with a broader range of exposures, high mental and physical stress levels, historically less experience with computer work, and a work ethic that focuses on others' survival and well-being.
So how are the health impacts among frontline health care workers related to computerization described and measured in the literature? A review of the literature revealed few resources. PubMed, CINAHL, LISTA, the Humanities and Social Sciences Index, and the Library of the ACM were searched during March and April 2007 and included all references to the end of March 2007. Combinations of the following search terms were used: health care worker; health; occupational health; computer; VDU; computerized work; work environment; patient record; computerized health record; electronic; technological change; and instruments. Most of the studies examined implemented systems with the intent of evaluating system efficiencies and staff attitudes toward the systems (Elberg, 2001; Hebert, 1998; Lium, Laerum, Schulz, & Faxvaag, 2006; Mcl.ane, 2(05) . Many of these studies were tool focused-they focused on the computer system itself (hardware and software) rather than users' interactions with computers or health issues associated with computers.
The literature review revealed many case studies of failed systems and user dissatisfaction (Ball, 2003; Littlejohns, Wyatt, & Garvican, 2003; Southon, Sauer, & Dampney, 1999) . No studies directly examined how electronic health records altered the ecology of health care work and the resulting health impacts, although many of them reported incidental findings about the negative impact of electronic health records implementation on work and work environments. For example, studies mentioned SEPTEMBER 2008, VOL. 56. NO.9 that frontline health care workers experienced changes in roles, responsibilities, and communication patterns; spent more time at computer tasks and less time with patients; and reported reduced job satisfaction and concern about professional autonomy due to increased scrutiny (Hebert, 1998; Jhun, Cho, & Park, 2004; Kossman & Scheidenhelm, 2008; Poissant, Pereira, Tamblyn, & Kawasumi, 2005) . Some studies reported positive impacts on work environments such as decreased job demands and less time spent on documentation; however, these studies did not make the connection between work and worker health (Jhun et al.; Poissant et al.) .
Few studies were conducted to specifically explore the health effects of computerization on frontline health care workers. Therefore, little specific data are available to create a proactive approach when introducing electronic health records.
HOW TO MEASURE THE IMPACT ON HEALTH
To acquire an in-depth understanding of factors that contribute to employee experiences associated with technological change, comprehensive data collection is desirable. The ideal approach would be to conduct a longitudinal study to draw causative conclusions, significant enough to generalize, combined with in-depth, qualitative studies. However, contacts and informal interviews with several frontline health care workers and health sector managers in a large urban health authority in British Columbia, Canada, revealed that the organization faced time pressures, acute staff shortages, and strained budgets. Informants expressed the opinion that it would be impractical to administer long surveys or request employee participation in lengthy interviews or focus groups. Although such strategies have been used in the past, they require extra staff on units. In today's health care climate, extra staff may not be available. In short, "no one has time" to participate. Informants expressed a clear desire for alternate methods of measuring and monitoring worker health.
Subsequently, the research methodology literature was reviewed (Cresswell, 2007; Kellehear, 1993; Lee, 2000; Marshall & Rossman, 2006; Nielsen & Loranger, 2006; Rubin & Hudson, 1994; Webb, Campbell, Schwartz, & Sechrest, 1973) and interviews with information technology managers were conducted. This strategy revealed several less intrusive methods that could be used for data gathering, such as observation of users, selective interviews, and data mining from documents and records.
By applying some of these less intrusive methods, the following approaches can be used to gather data and create an assessment of an implemented system:
1. Traditional ethnographic observations of health information system users, their work practices, and workarounds. During observation, short, specific questions can be asked to enhance the in-depth understanding of work processes and workers' experiences of health, well-being, and disorders.
2. Interviewing key informants. This is a specialized case of interviewing focused on individuals within the organization who are considered influential or well informed (e.g., nurse educators, nurse managers, clinicians, health and safety committee members, and union representatives). These individuals have overall views of varying aspects of the organization and might have information related to health problems that arise in diverse areas.
3. Review of administrative documents and records relating to workload measures (e.g., unit staffing levels, overtime worked, staff experience, and information gleaned from patient census data).
4. Employee health indicators such as short-and long-term disability and injury rates associated with computer use (e.g., shoulder and neck pain, elbow disorders, carpal tunnel syndrome, visual disturbances, and stressinduced disorders).
Documents pertaining to electronic health record implementation:
a) Training records. Inadequate training could be a source of worker stress. Due to the shortage of staff, health care workers might either miss or not receive the full extent of work-related training. Examination of training records may provide clues about implementation problems by determining how many current users actually attended the full training program, and whether they received the training at the optimum time (i.e., did they receive the training far in advance, "just in time," or only after they began to use the system?). The sampling strategy would also examine the type, length, and quality of training users received. b) Records related to systems purchased. including design and implementation. In large organizations, computer systems are often purchased on the basis of a competitive contract tendering process. A system specification document is usually the basis for the contract proposal. These documents outline system specifications, performance expectations, and contractor deliverables. Therefore, they serve as a useful baseline against which to compare actual system and contractor performance, as assessed through the use of the documents and records described above. Other organizational documents may also include policies, task group reports, financial and position statements, employee surveys, and focus groups and consultations, which can be analyzed to provide insight and background regarding the historical, political, and financial reasons to computerize certain tasks, why certain systems were selected over others, and, most importantly, involvement or non-involvement of potential users in choosing and implementing the system. Absence of user participation is often a contributing factor in failed systems (Balka & Whitehouse, 2007; Littlejohns et aI., 2(03).
6. Review of logs. Computer systems generate different types of logs (i.e., help desk logs and system logs), which can be useful in understanding system effectiveness and user issues. Unresolved user issues may be a source of workplace stress. a) Help desk logs. An examination of help desk call logs may reveal system implementation problems and the extent to which staff receive adequate assistance in solving system-related issues. The logs can be examined 376 for frequency of calls, nature of problems, and resolution time. These logs may identify issues encountered by users and may also indicate the effectiveness of the help desk service itself. Caution must be used, however. Some help desks offer excellent service and are readily accessed by users, whereas less effective help desks will be avoided or regarded as a last resort. Users who have repeatedly called the help desk about an unresolved problem just stop calling; therefore, help desk traffic mayor may not be a reliable indicator of initial or ongoing problems. In addition, help desk services are usually intended to support software-related queries and may not readily provide assistance for more complex issues encountered by users of expert systems, commonly found in health care settings.
b) System logs. Networked systems produce various types of system records that can provide clues to system use and problems. For example, system logs indicate how much of the system's resources are being used at various times. These logs can be used to evaluate if the system is being overused or underused and to document system performance issues including crashes or slowdowns. Systems also generate transaction logs or "audit trails," which track individual user logons and logoffs, frequency of access, and files or documents accessed. Audit trails can be used to track both general system use and individual users' behavior. In themselves, they do not provide any indication of reasons for the patterns observed; however, used together, various data points could highlight usability issues. For example, are frequent logons and logoffs related to system crashes, slowdowns, or other reasons? Do users have to access many screens to complete tasks, or are tasks completed quickly and in a direct manner? Audit trails can also provide information about system security issues. For example, do users have appropriate access to the files they need?
7. Screen capture software. Screen capture software records a user's computer session by capturing movements of the cursor and logs keystrokes and programs launched. These programs are often used by web and system designers to reveal how users actually navigate through websites or computer programs and identify problem areas. When used for these purposes, they are usually complemented by a "think aloud" protocol whereby users vocalize why they are making certain moves, thus validating information captured by the software. This protocol would obviously be too intrusive to be considered a nonreactive methodology and without validation from the user, the captured data would only serve to provide the most obvious types of associations. For example, the investigator might observe the user moving through different screens, but not understand why the user made the moves. Nonetheless, data from screen capture software could point to underlying problems and issues of usability that could be triangulated with other data.
8. Systematic quick interviews with individual members ofthe staffat the end ofthe shift. An interview question could be, "Did you encounter obstacles or problems connected with computer work today?" Over a period of 1 The computerization of health care work is a potential added source of stress for health care workers.
3 Several unobtrusive methods can be used by the occupational health service to monitor staff for the effects of technostress.
Staff shortages and lack of backup staff may make it impossible to use traditional forms of occupational health research and monitoring.
ETHICS
Collecting the data suggested above raises some ethical considerations. Even if the investigation of the workplace does not use traditional research methods resulting in data being made public, it will be necessary to consider the organization's research guidelines, approval process, and consent procedures. In addition, the occupational health and safety committee, and union or worker representatives, should be active partners in any workplace research. Help desk logs, training records, and system records are not public documents and accessing them requires organizational approval. Privacy concerns abound because individuals may be identified, although this could be avoided by maintaining the anonymity of the data.
Contracts, contract proposals, and other documents pertaining to public institutions are public documents and are either freely available or available via the Freedom of Information request process. Because they do not relate to individuals, issues of privacy are not a concern. However, if proprietary or confidential information is disclosed (i.e., intellectual property or proprietary business information), those sections may be withheld. time, response patterns may reveal persistent problems requiring further investigation. 9. Short surveys or interviews, if operationally possible to conduct. Data collected by abovementioned methods can be used to formulate brief, targeted questionnaires or interview questions.
The use of a single measure may lead to a skewed or false understanding of the studied phenomena, as most of these methods give only fragments of the "picture." Therefore, results from different methods should be used to triangulate data for a more in-depth understanding of the current situation. Triangulation can, in this context, mean the use of three or more methods. As such, triangulation has been compared to detective work because it involves the assembly of clues from a variety of sources (Sanders, 1976) .
CONCLUSION
Technological change is a constant feature of today's workplace, especially the modem health care workplace. Little is known about the impact of this technology on health care workers' health. It is therefore important that occupational health services have contingencies to monitor exposure to new technology and intervene in case of adverse health impact. When no one has time to participate in in-depth research methods, triangulation of less obtrusive methods can be a viable alternative for occupational health research.
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